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Abstract 
In the last decades in France, rural areas have been attracting new populations which had to adapt their 
mobility needs and activity programs to the spatial context of low density. The purpose of this paper is to 
examine the effect of population density on households’ car ownership and usage, using data from the 
latest French National Travel Survey conducted in 2007-2008. We show that density has a significant 
effect on car possession and usage. People living in low density areas can maintain their travel time 
budget at an acceptable level because they can drive faster on average. They also keep their cars longer 
and choose diesel engines, which help them to control their travel budget, although diesel oil and gasoline 
have now very similar prices in France. 
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of TRA 2012 
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1. Introduction 
Rural and low density areas in France - as in most developed countries - have undergone enormous 
changes over the past decades. They used to be perceived as areas of exodus but things have changed and 
many researches now focus on counter-urbanisation and its consequences (Champion 1998). In France, 
population of rural areas as a whole has increased since 1975. The growth rates vary according to 
statistical definitions of rural and urban zones, which are based on commuting data (Julien 2007) and 
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regularly updated because of urban sprawl. Nevertheless, by considering constant statistical zoning 
defined at different periods, we can see that, from 1975 to 1999, yearly population growth rates in rural 
areas vary from 0.14 to 0.7 (Table 1). The dynamic has continued and rural population has grown more 
rapidly than the national average between 1999 and 2006 (Laganier, Vienne 2009). 
Table 1: Yearly population growth rates by constant statistical zoning (data: Insee, Census) 
Growth rate (%/year) Inter-Census period 
Statistical zoning considered 1968-1975 1975-1982 1982-1990 1990-1999 
1968 definition 0.34 0.93 0.86 0.53 
1975 definition -0.02 0.61 0.56 0.43 
1982 definition -0.15 0.38 0.42 0.36 
1990 definition -0.28 0.12 0.13 0.19 
1999 definition -0.22 0.24 0.25 0.28 
The older the definition, the higher the growth rates, because so-called “rural areas” integrate more places 
with high accessibility level. These places are closer to urban centres, more dynamic, demography wise, 
and more prone to appear as urbanised in the next zoning. Longer commuting trip extend cities influences 
throughout rural areas. Indeed, according to INSEE, the French National Institute of Statistics, in 2011 in 
France, 95 % of the population lives in areas under urban influence (Brutel & Levy 2011). Rural 
inhabitants’ mobility patterns have thus changed and are structured by longer home-to-work travel. But 
rural areas are diverse in terms of density and also diversely influenced by cities. How does this diversity 
impact travel behaviours? 
2.  Review of literature 
Travel speed has globally increased so that the average daily travel time has remained constant, as 
conjectured by Zahavi (Zahavi & Rian 1980). In France from 1960 to 1990, the average distance travelled 
over a year per person has tripled (Davezies & Veltz 2006). Similar process can be seen in Germany 
(Scheiner 2010). It began at the time of the Industrial Revolution (Marchetti 1991 quoted in Carpentier 
2007).   
During the last three decades, people have become massively dependent on cars, especially in rural or low 
density areas where distances to employment and services are longer (Dupuy 1999). In France, 
motorisation rate has been increasing for all social categories, age groups, and geographical zones, though 
at different speeds, depending on income level, and with regional fluctuations (CCFA 2011). According 
to INSEE (2011), 70% of French households had one or more car in 1980; now it is more than 80% 
(calculated with the most recent National Transport Survey). The number of households with two or more 
cars has also increased. For example: 15% of French households had two cars in 1980 (INSEE, 2011), 
compared to 28% today (calculations based on the 2007-2008 National Transport Survey).  
Space introduces variations: concerning travel times (Mokhtarian Chen 2004), travelled distances and car 
ownership. Rural households drive more kilometres per year (Pucher & Renne 2005) and have very few 
transport alternatives. They also spend more time travelling than people living in urban areas (Millward & 
Spinney 2011, Hubert & Delisle 2010). Household’s location - urban or rural – is a factor that explains 
car ownership among other such as income, number of working persons within the household and 
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household composition (Gray et al. 2001) (Armoogum & Roux 2011), with an equilibrium between costs 
of car ownership and car usage (Dargay 2002). And car is the most frequently used means of transport in 
rural areas. The prevalence of adults having their driving licence is higher in rural areas and the number 
of adults in the household has a greater impact on car ownership in rural areas than in urban areas 
(Dargay 2002). 
This paper aims to present some findings on mobility behaviour in rural areas in the perspective of car 
dependency. It is based on the latest French National Travel Survey (Enquête Nationale Transports et 
Déplacements) conducted from April 2007 to April 2008 among 20,2000 households. We examine some 
key dimensions of car ownership (number of cars per households, age of vehicles) and car usage (annual 
mileage, average speed) crossed with a geographical categorisation in order to estimate the effect of 
population density on these dimensions. 
3. Methodology 
Most studies conducted in France and focusing on spatial characteristics of mobility patterns use 
statistical areas defined by the French National Institute for Statistics and Economic Studies (INSEE†).
Although the approach provides interesting results, it is limited by the fact that “rural” category is global 
with no distinction of density or proximity to cities, which influence mobility behaviours.  
We build a geographical typology based on density and city’s influence. First, we classify French 
municipalities by population density deciles, considering the “smoothed density” as the average density 
of a municipality and its surrounding neighbours in order to take the spatial environment into account. 
The density levels as shown in Table 2. 
Table 2:  Statistical description of density deciles (data: Insee, Census) 
Density
deciles
Minimum Smoothed 
population density 
Maximum smoothed 
population density  
Median smoothed 
population density 
Mean smoothed 
population density 
% of 
households 
0 1.8 43.6 23.5 23.9 9.29 
1 43.7 79.3 57.9 59.2 9.97 
2 79.4 130.9 98.7 100.8 9.73 
3 131 229.4 167.2 171.5 10.28 
4 229.5 402 290.8 299.8 9.79 
5 402.2 717.8 513 530.3 8.77 
6 719.4 1 340 963.5 980.9 10.36 
7 1 348.3 2 221.6 1 697.7 1 727.6 11.69 
8 2 222.6 3 816 2 773.7 2 844.8 6.31 
9 3 820.8 20 696.1 6 263.5 8 334.6 13.81 
However, several spatial contexts may be found in the same density class (e.g. deciles). For instance the 
outer suburb of a medium city can be as dense as the neighbourhood of a small town in the countryside. 
†See:  http://www.insee.fr/en/methodes/default.asp?page=definitions/aire-urbaine.htm 
http://www.insee.fr/en/methodes/default.asp?page=definitions/commune-multipolarisee.htm 
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The crossing of density deciles with statistical urban types based on home-to-work travel is given in 
Table 3. Indeed, some density classes appear in several urban contexts. For example, 18.7 % of the 
population of deciles n°2 lives in an “urban area”, but 16.1 % of the same class is located in other rural 
towns or areas. That shows the importance of the spatial context and will be one of our reading guides for 
understanding how density affects mobility behaviours.  
Table 3: Share of population in density classes crossed with detailed urban types (data: INSEE, Census) 
Population
(%) 
Deciles 
Large urban 
areas 
Monocentric-
commuting 
Multicentric-
commuting 
Small towns in 
rural regions 
Rural
commuting 
Other rural 
places
0 0 14.7 5.3 5.8 2.1 72 
1 1.4 22 19.7 18.5 1.7 36.7 
2 18.7 36.5 12.7 15.3 0.6 16.1 
3 40.2 30.3 15.2 11.2 0.1 3.0 
4 64.3 28.9 2.3 2.6 0 1.8 
5 83.3 15.4 0.4 0 0 0.9 
6 93.7 6.3 0 0 0 0 
7 98.7 1.3 0 0 0 0 
8 99.6 0.4 0 0 0 0 
9 100 0 0 0 0 0 
The demographical dynamics of rural areas can therefore be analysed through this classification or a 
summary grouping all kinds of cities, commuting belts, and deciles into quintiles. Table 4 highlights the 
annual growth rate according to the abridged urban type and the density quintile (q1 means quintile with 
the lowest population density). We observe that the annual growth rate is higher in areas under urban 
areas.
Table 4: Annual growth rate 1999-2006 (data: INSEE, Census) 
Population Growth rate 
(%/year) 
q1 q2 q3 q4 q5 all 
Urban areas and towns 0,27 0,50 0,47 0,35 0,66 0,48
Commuting 1,33 1,33 1,05 1,06 na 1,26
Other rural 0,68 1,23 na   0,77
All 0,83 0,98 0,61 0,38 0,66 0,69
(n.a.: non applicable because of lack of population in these classes) 
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4. Results 
4.1. Differences in car ownership according to density 
As one would expect, households living in the lowest density deciles outside commuting belts have more 
cars at their disposal than households located in more urbanised areas. Thus, in deciles 2, the number of 
cars per household depends on the urban type: 16% of households in “large urban areas” have no car, 
compared to 5% in “other rural places”. 48% of large urban areas households have one car and 32% have 
two, compared to 43% and 37% respectively in small towns in rural regions. As expected, the prevalence 
of households owning two or more cars is higher in the spatial category “other rural places”. 
Unsurprisingly, car ownership rates also vary according to family structures, the number of adults and, 
especially those who own a driving licence. It also depends on income. For example, considering 
quartiles of equivalent incomes‡, 27% of poorest households (lower quartile) have no car, compared to 
2.5% of the richest households (higher quartile). The number of vehicles per household is, especially for 
the poorest households, strongly linked to population density in the area of residence. Indeed, looking at 
the three higher density deciles, 52% of the poorest households have no car, compared to 51% of the 
richest households who have a car. Considering the same deciles, 5% of the poorest households have two 
cars or more, compared to 17% for the richest households.  
Two logistic regression analyses are conducted to model the probability of car ownership and car multi-
equipment for households with at least one car and two adults. In both models, tested explanatory 
variables are: equivalent income and participation to specific classes of variables concerning household 
characteristics (age, number of driving licenses) and localization (density and urban context). 
In both models, variables with highest contributions are: number of driving licenses, density and age 
(Table 5). Driving license contribution is particularly high for car ownership prediction because the 
absence of driving license makes it almost impossible to own a car. Urban context has the smallest 
contribution, though fully significant. 
Both model show that living in a low density area significantly increases the probability of owning a car 
(by 22% for the 1st density deciles compared to the median deciles) or several cars when the household 
already owns one and counts at least two adults (by 5% respectively). The effect of density is gradual, 
almost linear, and high density is symmetrically unfavourable to car ownership.  
Within the same density class, a central position is significantly unfavourable to car ownership compared 
to a commuting belt or rural position. This result is still true when large urban areas households are 
skipped out of the analysis and urban context is, thus, less driven by density. This means that a household 
has less chance to own one or several cars when it lives in a small town than in a commuting suburb of 
similar density.  
‡ The equivalent income uses OECD modified scale which assigns a value of 1 to the household head, of 
0.5 to each additional adult member and of 0.3 to each child. The average total monthly incomes of the 
four quartiles are:  
- 1 230 € (std: 593 €, median: 1 109€); 
- 1 949 € (std: 728 €, median: 1 807€) 
- 2 657€ (std: 917€, median: 2 541€) 
- 2 541€ (std: 2 452€, median: 4 4047 €) 
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Table 5: Two logistic regression models to predict i) household’s car ownership ii) household’s car multi-
equipment of households with at least one car and two adults  
* Significant at 10% level ** Significant at 5% level *** Significant at 1% level 
Proc SAS Survey logistic 
Samples: 20 178 households and 13 255 households with at least one car and two adults 
(data: ENTD 2008, Insee-SOeS-Inrets) 
Explanatory
variables 
Modality Car-ownership 
model coeff. 
Car multi-equipment 
model coeff. 
Constant term  -0.286 *** -1.5532 *** 
Equivalent income 
(OECD modified 
scale)
(continuous) 0.000434 *** 0.000372 *** 
Age band of 
household (man's 
age if couple) 
up to 26 -0.7552 *** 0.0318  
27 to 36 -0.4498 *** 0.1107  
37 to 46 -0.1873  0.0843  
47 to 56 (ref.)  (ref.)  
57 to 66 -0.213  -0.3878 *** 
67 and more -1.2247 *** -1.228 *** 
number of car 
driving licenses 
none -4.775 *** -2.2588 ** 
1 (ref.)  (ref.)  
2 2.0754 *** 2.327 *** 
3 or more 2.59 *** 3.7664 *** 
density around 
municipality of 
residence 
1st 0.8996 *** 0.2951 ** 
2nd 0.6538 ** 0.3657 *** 
3rd 0.2944  0.2655 ** 
4th 0.2081  0.1461  
5th and 6th (ref.)  (ref.)  
7th -0.2307  -0.2597 ** 
8th -0.5721 *** -0.6248 *** 
9th -0.3917 ** -0.728 *** 
10th -1.8473 *** -1.5529 *** 
centrality pole -0.6599 *** -0.4491 *** 
polarised 
zone 
(ref.)  (ref.)  
rest -0.388  -0.1731 * 
% of predicted pairs 94.3  80.5  
3334   Clotilde Minster and Jean-Paul Hubert /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3328 – 3337 
4.2. Older vehicles in low density areas 
Since the first survey conducted in France in the 1970’, the average age of private cars has increased in 
France. The average age was 5.8 years in 1984 (INSEE 2010) and 8.8 in 2008 (calculated from the 2007-
2008 National Travel Survey). Car ages are also linked to the age of the owner; it has been shown by 
other studies that buyers of new cars are often older (Cetelem 2011). Low density areas concentrate old 
cars (Table 6). This may be due to fewer households with high income in these zones but, as shown below 
(Table 7), even if the richest households own the newest cars, densities have an influence on the average 
age of cars in every income quartiles. Researchers have shown that car ownership is less sensitive to 
changes in motoring costs for rural households than for urban households (Dargay 2002). We may 
assume that rural households are less sensitive to motoring costs because they keep their cars longer.
Table 6: Distribution of cars’ age according to population density (data: ENTD 2008, Insee-SOeS-Inrets) 
(%) Car age (years) 
Density
quintiles 
less than 2 2 to 3.9 4 to 6.9 7 to 10.9 11 to 14.9 15 and higher 
q1 10,1 11,6 18,6 20,8 19,7 19,2 
q2 10,3 13,1 20,4 22,6 16,0 17,7 
q3 12,0 14,3 19,9 21,2 18,1 14,6 
q4 12,0 15,6 19,8 21,9 17,2 13,6 
q5 13,5 13,5 21,6 22,7 16,1 12,6 
All 11,4 13,5 19,9 21,8 17,5 15,9 
Table 7: Average age of cars according to population density and income (data: ENTD 2008, Insee-
SOeS-Inrets) 
Car age (years) Density deciles 
Equivalent income quartiles 0 1 2 3 4 5 6 7 8 9 
1 10.9 11 11.2 10.1 10.7 9.9 10 9.7 10.6 10.5 
2 9.9 10 10.5 9.7 8.8 9.9 8.4 9.6 9.4 8.9 
3 8.9 8.8 8.7 8.3 8.7 7.8 9 7.7 9.4 7.7 
4 8 7.8 7 7.4 6.8 7.2 7.2 6.6 6.6 6.8 
Table 7 shows an almost linear decrease of average age with income quartiles and a more irregular 
variation according to density. However, the difference in car age between the lowest and higher density 
deciles is clearly higher within the last incomes quartile (1.2 year of difference between the average ages 
of cars, compared to 4 months for cars owned by the poorest households). Whatever the family structure, 
people living in high density areas own the newest cars.  
4.3. Differences in average distance driven a year and power 
People drive more kilometres per year in low density areas. The total distance travelled by car is also 
related to the number of adults in the household and to the number of workers. Density does not have the 
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same effect depending on family structures. For example, if couples with one worker and without a child 
drive 14,519 km per year on average, they drive less kilometres in denser areas:  13,604 km in the three 
first density deciles, versus 11,890 km in the three higher density deciles. The average distance travelled a 
year also differs for families with two children (16,328 km in low density deciles, compared to 12,886 km 
in higher density deciles). The age of the household’s head is a proxy of family structure and car drive the 
maximum distance when the head of the household is less than 36 (Table 8). In the same age class, 
distances driven always increase when density decreases, but two exceptions. That means that 
household’s age and structure being similar the average distance driven is higher in low density areas than 
in high density areas. 
Table 8: Average distance driven a year according to the head of household’s age and the density 
quintiles (data: ENTD 2008, Insee-SOeS-Inrets) 
Mileage
(km/year) 
Head of household’s age 
Density
quintiles 
18-26 27-36 37-46 47-56 57-66 67 + 
q1 16 952 16 740 15 578 14 556 12 388 8 683 
q2 14 843 16 202 15 788 14 410 12 266 8 476 
q3 16 140 14 344 13 758 13 776 11 890 7 669 
q4 14 402 14 386 12 407 13 202 11 651 7 698 
q5 12 783 12 694 11 954 11 760 10 626 6 996 
All 14 862 15 041 14 144 13 748 11 893 8 041 
The longer distance travelled in low density areas is partially compensated in terms of travel time by 
higher traffic speed, which decreases almost linearly when density rises (Table 9). The average trip speed 
has increased between 1994 and 2008. Higher average speed in low density deciles is due to traffic 
conditions and correlates to the length of trips. In higher density zones, the relative low average speed 
traffic can be explained by heavy traffic, traffic lights, low speed limits, and correlates with shorter trips.  
Table 9: Average speed of private cars according to density deciles (data: Insee-SOeS-Inrets) 
Speed (km/h) Density deciles 
 0 1 2 3 4 5 6 7 8 9 All
1993-1994 French NTS 41 38 35 32 31 28 27 25 23 22 28 
2007-2008 French NTS 43 41 37 34 33 31 28 26 25 27 31 
Finally, the average distance driven a year is higher if the car is recent, but whatever the age of the 
vehicle, car usage is still higher in lower density quintiles, with very few exceptions (Table 10) 
Having to drive longer distance in low density areas, households have been more inclined to choose diesel 
cars because fuel was cheaper. From 60% to 65% of cars owned by households in the lower density 
quintiles are diesel powered. The proportion is under 50% in the upper density quintiles. Diesel cars have 
become more and more popular in France for the last decades, and the share of diesel cars increases when 
cars are more recent. Nevertheless, in the same age groups, the share of diesel cars is always higher in the 
lower density quintile (Table 11). 
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Table 10: Kilometres driven a year according to the vehicle age (data: ENTD 2008, Insee-SOeS-Inrets) 
Mileage (km/year) Car age (year) 
Density quintiles <2 2 <4 4 <7 7 <11 11 <15 15  + 
q1 14 737 18 423 16 380 14 526 12 073 9 082
q2 16 129 17 276 15 774 13 912 12 276 9 153
q3 13 106 15 241 14 679 13 552 10 162 9 648
q4 13 530 14 109 13 231 12 834 10 838 9 330
q5 12 845 14 347 11 973 10 405 10 212 7 450
All 14 125 15 944 14 630 13 265 11 251 9 070
Table 11: Kilometres driven a year according to the vehicle age (data: ENTD 2008, Insee-SOeS-Inrets) 
Share of diesel (%) Car age (year) 
Density quintiles <2 2 <4 4 <7 7 <11 11 <15 15  + All
q1 77 80 76 64 61 47 65 
q2 77 72 67 54 58 44 60 
q3 70 70 62 47 47 40 55 
q4 65 62 52 43 43 32 49 
q5 56 52 46 31 35 29 41 
All 70 68 62 49 51 40 55 
5. Conclusion
Our first results show that density has a significant effect on car possession and usage (average kilometres 
driven a year). We also notice that the number of cars per households is very much correlated to the 
number of driving licences in the household, and more adults have their driving licence in low density 
areas than in high density areas where people are less car-dependent. Our paper highlights the importance 
of the areas studied in order to examine mobility behaviours and the importance of urban contexts within 
a class of density, especially medium densities.  
People living in low density areas can maintain their travel time budget at an acceptable level because 
they can drive faster on average. They also keep their cars longer and choose diesel engines, which help 
them to control their travel budget, although diesel oil and gasoline have now very similar prices in 
France. Dargay has shown that car ownership is mildly sensitive to fuel costs in urban areas, but totally 
insensitive in rural and ‘others’ areas (Dargay 2002). Thus increase of transport costs will expose car-
dependent-households in rural areas to more economic difficulties than households living in dense urban 
places. Could it have a negative impact on rural population growth? 
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